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1 . Type of Application 

This new application is for a(n) 

(check one applicable Item below) 
09 Original (nonprovisional) 

□ Design 
□ Plant 

WARNING: Do not use this transmittal for a completion in tho U.S. of an international Application under 35 
U.S.C. § 371(c)(4), unless the International Application is being filed as a divisional, continuation 
or continuation-in-part application. 

WARNING: Do not use this transmittal for the filing of a provisional application. 

NOTE: If one of the following 3 items apply, then complete and attach ADDED PAGES FOR NEW APPLICATION 
TRANSMITTAL WHERE BENEFIT OF A PRIOR U.S. APPLICATION CLAIMEO and a NOTIFICATION 
IN PARENT APPLICATION OF THE FILING OF THIS CONTINUA TION APPLICATION. 

□ Divisional. 

□ Continuation. 

□ Continuation-in-part (C-l-P). 

2. Benefit of Prior U.S. Application(s) (35 U.S.C. §§ 119(e), 120, or 121) 

NOTE: A nonprovisional application may claim an Invention disclosed in one or more prior Tried copending 
nonprovisional applications or copending international applications designating the United States of 
America. In order for a nonprovisional application to claim the benefit of a prior filed copending 
nonprovisional application or copending international application designating the United States of 
America, each prior application must name as an inventor at least one Inventor named in the later filed 
nonprovisional application and disclose the named inventor's Invention claimed In at least one claim 
of the later filed nonprovisional application in the manner provided by the first paragraph of 35 U.S.C. 
§112. Each prior application must also be: 

(i) An international application entitled to a filing date in accordance with PCT Article 11 and 
designating the United States of America; or 

Qi) Complete as set forth in § 1.51(b); or 

Oil) Entitled to a filing date as set forth in § 1.53(b) or § 1.53(d) and Include the basic filing fee set 
forth In § 1.16; or 

(iv) Entitled to a filing date as set forth in § 1.53(b) and have paid therein the processing and retention 
fee set forth in § 1.21(1) within the time period set forth in § 1.53(f). 

37 C.F.R. § 1.7B(aX1). 

NOTE: If the new application being transmitted is a divisional, continuation or a continuation-in-part of a parent 
case, or where the parent case is an International Application which designated the U.S., or benefit 
of a prior provisional application is claimed, then check the following item and complete and attach 
ADDED PAGES FOR NEW APPLICATION TRANSMITTAL WHERE BENEFIT OF PRIOR U.S. APPLICA- 
VON(S) CLAIMED. 

WARNING: If an application claims the benefit of the filing date of an earlier filed application under 35 U.S.C. 

$$ 120, 121 or 365(c), the 20-year term of that application will be based upon the filing date of 
the earliest U.S. application that the application makes reference to under 35 U.S.C. §§ 120, 121 
or 365(c). (35 U.S.C. § 154(a)(2) does not take Into account, for the determination of the patent 
tenn, any application on which priority is claimed under 35 U.S.C. §§ 1 19, 365(a) or 365(b).) For 
a c-i-p application, applicant should review whether any claim In the patent that wilt issue Is 
supported by an earlier application and, if not, the applicant should consider canceling the reference 
to the earlier filed application. The team of a patent is not based on a claim-by-clafm approach. 
See Notice of April 14, 1995, 60 Fed. Reg. 20,195, at 20,205. 
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WARNINQ: When the last day of pendency of a provisional application falls on a Saturday, Sunday, or Federal 
holiday within the District of Columbia, any nonprovislonel application claiming benefit of the 
provisional application must be tiled prior to the Saturday, Sunday, or Federal holiday within the 
District of Columbia. See 37 C.F.R. § 1.78(a)(3). 

□ The new application being transmitted claims ^he benefit of prior U.S. applica- 
tions). Enclosed are ADDED PAGES FOR NEW APPLICATION TRANSMITTAL 
WHERE BENEFIT OF PRIOR U.S. APPLICATION(S) CLAIMED. 

3. Papers Enclosed 

A. Required for filing date under 37 C.F.R. § 1.53(b) (Regular) or 37 C.F.R. § 1.153 
(Design) Application 

. 27 Pages of specification 

5L_ Pages of claims 

Sheets of drawing 

WARNING; DO NOT submit original drawings. A high quality copy of the drawings should be supplied when 
filing a patent application. The drawings that are submitted to the Office must be on strong, white, 
smooth, end non-shiny paper and meet the standards recording to $ 1.84. If corrections to the 
drawings are necessary, they should be made to the otiginal drawing and a high-quality copy of 
the corrected original drawing then submitted to the Office. Only one copy Is required or desired. 
For comments on proposed then-new 37 C.F.R. § 1.84, see Notice of March 9, 1988 (1990 O.O. 
57-62;. 

NOTE: "Identifying indicia, if provided, should Include the application number or the title of the invention. 
Inventor's name, docket number Of any), and the name and telephone number of a person to call if 
the Office Is unable to match the drawings to the proper application. This Information should be placed 
on the back of each sheet of drawing a minimum distance of 1.5 cm. (5/8 Inch) down from the top 
of the page . . ."37 C.F.R. § 1.84(c)). 

(complete the following, If applicable) 

□ The enclosed drawlng(s) are photograph(s), and there is also attached a 
"PETITION TO ACCEPT PHOTOQRAPH(S) AS DRAWING(S)." 37 C.F.R. 
§ 1.84(b). 

□ formal 

□ Informal 

B. Other Papers Enclosed 

Pages of declaration and power of attorney 

L_ Pages of abstract 

Other 

\. Additional papers enclosed 

□ Amendment to claims 

□ Cancel In this applications claims before 

calculating the filing fee. (At least one original Independent claim must be 
retained for filing purposes.) 

□ Add the claims shown on the attached amendment. (Claims added have 
been numbered consecutively following the highest numbered original 
claims.) 

□ Preliminary Amendment 

0 Information Disclosure Statement (37 C.F.R. £ 1.98) 

□ Form PTO-1449 (PTO/SB/08A and 08B) 

□ Citations 
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□ Declaration of Biological Deposit ! 

□ Submission of "Sequence Listing," computer readable copy and/or amendment 
pertaining thereto for biotechnology Invention containing nucleotide and/or 
amino acid sequence. 

□ Authorization of Attomey(s) to Accept and Follow Instructions from Representa- 
tive 

□ Special Comments 

□ Other 

5. Declaration or oath (including power of attorney) 

NOTE: A newly executed declaration Is not required In a continuation or divisional application provided that 
the prior nonprovisional application contained a declaration as required, the application being filed Is 
by all or fewer than alt the inventors named in the prior application, there is no new matter in the 
application being filed, and a copy of the executed declaration Hied In the prior application (showing 
the signature or an indication thereon that it was signed) Is submitted. The copy must be accompanied 
by a statement requesting deletion of the names of person(s) who are not Inventors of the application 
being filed. If the declaration In the prior application was filed under § 1.47, then a copy of that 
declaration must be filed accompanied by a copy of the decision granting § 1 .47 status or. if a nonslgning 
person under § 1.47 has subsequently joined in a prior application, then a copy of the subsequently 
executed declaration must be filed. See 37 C.F.R. §§ 1 .63(dX1}-(3). 

NOTE: A declaration Wed to complete an application must be executed, identify tlw specification to which it 
is directed, identify each inventor by full name including family name and at least one given name, without 
abbreviation together with any other given name or Initial, and the residence, post office address and 
country or citizenship of each inventor, and state whether the inventor is a sole or joint inventor. 37 
C.F.R. § 1.63(a)(1H4). 

□ Enclosed 
Executed by 

(check all applicable boxes) 

□ inventors). 

□ legal representative of inventors). 
37 C.F.R. §§ 1.42 or 1.43. 

□ joint inventor or person showing a proprietary 
interest on behalf of inventor who refused to sign 
or cannot be reached. 

□ This is the petition required by 37 C.F.R. § 1.47 and the statement 
required by 37 C.F.R. § 1.47 is also attached. See item 13 below 
for fee. 

E Not Enclosed. 

NOTE: Where the filing is a completion in the U.S. of an International Application or where the completion of 
the U.S. application contains subject matter in addition to the International Application, the application 
may be treated as a continuation or continuation-in-part, as the case may be, utilizing AOfXO PAGE 
FOR NEW APPLICATION TRANSMITTAL WHERE BENEFIT OF PRIOR U.S. APPUCAVON CLAIMED. 

t3 Application is made by a person authorized under 37 C.F.R. § 1.41(c) on 
behalf of all the above named inventors). 

(The declaration or oath, along with the surcharge required by 37 C.F.R. § 1. 16(e) 
can be filed subsequently). 

□ Showing that the filing is authorized. 

(not required unless called into question. 37 C.F.R. § 1.41(d)) 
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6. Inventorship Statement 

WARNING: If the named inventors are each not the inventors of all tha claims an explanation, including the 
ownership of the various claims at the lime the last claimed Invention was made, should be 
submitted. 

I , ! 

The inventorship for all the claims in this application are: . 
D The same. 

or 

□ Not the same. An explanation, including the ownership of the various claims at 
the time the last claimed Invention was made, 

□ is submitted. 

□ will be submitted. 

7. Language 

NOTE: An application Including a signed oath or declaration may be filed In a language other than English. 
An English translation of the non-English language application and the processing fee of $130.00 
required by 37 C.F.R. § 1.17(k) is required to be Wed with the application, or within such time as may 
be set by the Office. 37 C.F.R. § 1.52(d). 

DJ English 

□ Non-English 

□ The attached translation includes a statement that the translation Is accu- 
rate. 37 C.F.R. § 1.52(d). 

8. Assignment 

O An assignment of the invention to Nokia Mobile Phones Ltd. 



□ is attached. A separate □ "COVER SHEET FOR ASSIGNMENT (DOCU- 
MENT) ACCOMPANYING NEW PATENT APPLICATION" or □ FORM PTO 
1595 is also attached. 

£5 will follow. 

NOTE: "If an assignment is submitted with a new application, send two separate letters-one for the application 

and one for the assignment." Notice of May 4, 1990 (1114 O.G. 77-78). 
WARNING: A newly executed "CERTIFICATE UNDER 37 C.F.R. § 3. 73(b)" must be filed when a continuation- 
in-part application is filed by an assignee. Notice of April 30, 1993, 1150 O.G. 62-64. 
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9. Certified Copy 



Certified copy(fes) of applications) 

Finland 990690 29 March 1999 



Country 


Appln. No. 


Filed 


Finland 


991062 


7 May 1999 


Country 


Aooln. No. 


Filed 


Finland 


991594 


12 July 1999 


Country 


Appirt. No. 


Filed 



from Which priority la claimed 
□ is (are) attached. 
C3 will follow. 



NOTE: The foreign application loaning the bash for the claim for priority must be referred to In the oath or 

declaration. 37 C.F.R. § 1.55(a) and 1.63. 
NOTE: This Hem Is for any foreign priority for which the application being filed directly relates. If any parent 

U.S. application or International Application from which this application claims benefit under 35 U.S.C. 

§ 120 Is itself entitled to priority from a prior foreign application, then complete Item 18 on the ADDED 

PAGES FOR NEW APPLICATION TRANSMITTAL WHERE BENEFIT OF PRIOR U.S. APPLICATION^ 

CLAIMED. 

10. Foe Calculation (37 C.F.R. § 1.16) 
A. Regular application 



CLAIMS AS FILED 



Number filed 




Number Extra 




Rate 


Basic Fee 
37 C.F.R. § 1.16(a) 
$ 690.00 


Total 

Claims (37 C.F.R. 
§ 1.16(c)) 


30 _ 


20 - 10 


X 


$ 18.00 


180.00 


Independent 
Claims (37 C.F.R. 
§ 1.16(b)) 


5 


3 = 2 


X 


$ 78.00 ' 


156.00 


Multiple dependent claim(s), 
If any (37 C.F.R. § 1.16(d)) 




+ 


$260.00 ' 





□ Amendment cancelling extra claims Is enclosed. 

□ Amendment deleting multiple-dependencies Is enclosed. 

□ Fee for extra claims Is not being paid at this time. 

NOTE: If the fees for extra claims are not paid on filing they must be paid or the claims cancelled by amendment, 
prior to the expiration of the time period set for response by the Patent and Trademark Office In any 
notice of fee deficiency. 37 C.F.R. § 1.16(d). 

Filing Fee Calculation .f. i,n?6.nn 

B. □ Design application 

($310.00—37 C.F.R. § 1.16(0) 

Filing Fee Calculation $ 

C. □ Plant application 

($480.00—37 C.F.R. § 1.16(g)) 

Filing fee calculation $ 
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11. Small Entity State ment(s) 

□ Statement(s) that this is a filing by a small entity under 37 C.F.R. § 1.9 and 1.27 
is (are) attached. 

WARNING: "Status as a small entity must be specifically established in each application or patent In which 
the status is available and desired. Status as a small entity in one application or patent does not 
atlect any other application or patent, including applications or patents which are directly or 
Indirectly dependent upon the application or patent In which the status has been established. The 
reliling of an application under § 1.53 as a continuation, division, or continuation-in-part (including 
a continued prosecution application under § 1.53(d)), or the filing of a reissue application requires 
a new determination as to continued entitlement to small entity status for the continuing or reissue 
application. A nonprovlslonal application claiming benefit under 35 U.S.C. $ 119(e), 120, 121, or 
365(c) of a prior application, or a reissue application may rely on a statement filed In the prior 
application or in the patent if the nonprovislonal application or the reissue application Includes a 
reference to the statement in the prior application or In the patent or Includes a copy of the 
statement In the prior application or In the patent and status as a small entity Is still proper and 
desired. The payment of the small entity basic statutory filing fee will bo treated as such a reference 
for purposes of this section." 37 C.F.R. § 1.28(a)(2). 

WARNING: "Small entity status must not be established when the person or persons signing the. . . statement 
can unequivocally make the required self-certification.' M.P.E.P., § 509.03, 6th ed.. rev. 2, July 
1996 (emphasis added). 

(complete the following, If applicable) 

□ Status as a small entity was claimed In prior application 

_ / i_, filed on _ , from which benefit 

is being claimed for this application under: 
35 U.S.C. § □ 119(e), 

□ 120, 

□ 121, 

□ 365(c), 

and which status as a small entity Is still proper and desired. 
□ A copy of the statement in the prior application Is Included. 
Filing Fee Cafculation (50% of A, B or C above) 

$ 

NOTE: Any excess of the full fee paid will be refunded If small entltly status is established and a refund request 
are filed within 2 months of the date of timely payment of a full fee. The two-month period Is not 
extendable under § 1. 136. 37 C.F.R. § 1.28(a). 

12. Request for International-Typo Search (37 C.F.R. § 1.104(d)) 
(complete, If applicable} 

□ Please prepare an international-type search report for this application at the time 
when national examination on the merits takes place. ' 
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Foe Payment Being Made at This Time 

□ Not Enclosed 

□ No filing fee is to be paid at this time. 

(This and the surcharge required by 37 C.F.Ri § 1.16(e) can be paid 

subsequently.) 
O Enclosed 

C8 Filing fee $ 1 ' 026 - 00 

□ Recording assignment 
($40.00; 37 C.F.R. § 1.21(h)) 

(See attached "COVER SHEET FOR 
ASSIGNMENT ACCOMPANYING NEW 

APPLICATION".) $ 

□ Petition fee for filing by other than all the 
inventors or person on behalf of the inventor 
where inventor refused to sign or cannot be 
reached 

($130.00; 37 C.F.R. §§ 1.47 and 1.17(0) $ 

□ For processing an application with a 
specification in 

a non-English language 

($130.00; 37 C.F.R. §§ 1.52(d) and 1.1 7(k)) $ 

□ Processing and retention fee 

($130.00; 37 C.F.R. §§ 1.53(d) and 1.21(1)) $ 

□ Fee for international-type search report 

($40.00; 37 C.F.R. § 1.21(e)) $ 

JTE: 37 C.F.R. § 1.210) establishes a fee for processing and retaining any application that is abandoned for 
failing to complete the application pursuant to 37 C.F.R. § 1.53(1) and this, as well as the changes to 
37 C.F.R. §§ 1.53 and 1. 78(aX1), Indicate that in order to obtain the benem of a prior U.S. application, 
either the basic filing fee must be paid, or the processing and retention fee of § 1.210 must be paid, 
within 1 year from notification under § 53(f). 

Total fees enclosed $ M 26 - 00 

Method of Payment of Fees 
B Check in the amount of $. 



1,026.00 



□ Charge Account No. . In the amount of 

$ 

A duplicate of this transmittal is attached. 
NOTE: Fees should be itemized in such a manner that it is clear for which purpose the fees are paid. 37 C.F.R. 
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15. Authorization to Charge Additional Foes 

WARNING: If no fees are to 6s paid on filing, the following Hems should not be completed. 

WARNING: Accurately count claims, especially multiple dependent claims, to avoid unexpected high charges, 
' // extra claim charges are authorized. | , 

GO The Commissioner Is hereby authorized to charge the following additional fees 
by this paper and during the entire pendency of this .application to Account No. 
16-1350 : 

B 37 C.F.R. § 1.16(a), (0 or (g) (filing fees) 
S3 37 C.F.R. § 1.16(b), (c) and (d) (presentation of extra claims) 
NOTE: Because additional fees tor excess or multiple dependent claims not paid on filing or on later presentation 
must only be paid or these claims cancelled by amendment prior to the expiration of the time period 
set for response by the PTO in any notice of fee deficiency (37 C.F.R. § 1.16(d)), it might be best not 
to authorize the PTO to charge additional claim fees, except possibly when dealing with amendments 
after final action. 

37 C.F.R. § 1.16(e) (surcharge for filing the basic filing fee and/or declaration 
on a date later than the filing dale of the application) 
E3 37 C.F.R. § 1.17(a)(1H5) (extension fees pursuant to § 1.136(a)). 

□ 37 C.F.R. § 1.17 (application processing fees) 

NOTE: ". . .A written request may be submitted In an application that ia an authorization to treat any concurrent 
or future reply, requiring a petition for an extension of time under this paragraph for Its timely submission, 
as Incorporating a petition for extension of time for the appropriate length of time. An authorization to 
charge all required fees, fees under § 1.17, or all required extension of time fees wiH be treated as a 
constructive petition for an extension of time In any concurrent or Mure reply requiring a petition for 
an extension of time under this paragraph for Its timely submission. Submission of the fee set forth In 
§ 1. 1 7(a) will also be treated as a constructive petition for an extension of time In any concurrent reply 
requiring a petition for an extension of time under this paragraph for its timely submission." 37 C.F.R 
S 1.136(a)(3). 

□ 37 C.F.R. § 1.18 (issue fee at or before mailing of Notice of Allowance, 
pursuant to 37 C.F.R. § 1.311(b)) 

NOTE: Where an authorization to charge the Issue fee to a deposit account has been filed before the mailing 
ol a Notice of Allowance, the Issue tee will be automatically charged to the deposit account at the time 
of mailing Vie notice of allowance. 37 C.F.R. § 1.311(b). 

NOTE: 37 C.F.P. § 1.28(b) requires 'Notification of any change In status resulting In loss of entitlement to small 
entity status must be filed In the application . . . prior to paying, or at the time of paying, . . .the issue 
fee. . . • From the wording of 37 C.F.R. § 1.28(b), (a) notification of change of status must be made 
even if the fee is paid as 'other than a small entity" and (b) no notification is required if the change 
is to another small entity. 
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16. Instructions as to Overpayment 

NOTE: '. . . Amounts of twenty-fly dollars or hss will not be returned unless specifically requested within 
a reasonable time, nor win the payor be notified of such amounts; amounts over twenty-Ove dollars may 
be returned by check or. If requested, by credit to a deposit account.' 37 C.F.R. § 1.26(a). 

E Credit Account No. 16-1350 

□ Refund 



.SEND ALL CORRESPONDENCE TO: 



Reg. No. 24,622 

Tel. No. (203 ) 259-1800 

Customer No. 




[type or print name of attorney] 
PERMAM S GREEN, LLP 
P.O. Address 

425 Post Road, Fairfield, Connecticut 06430 
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□ Incorporation by reference of added pages 

(check the following Item If the application In this transmittal claims the benefit of 
prior U.S. applications) (including an International application entering the U.S. 
1 stage as a continuation, divisional or C-l-P application) and complete and attach 
the ADDED PAGES FOR NEW APPLICATION TRANSMITTAL WHERE BENEFIT OF 
PRIOR U.S. APPLICATIONS) CLAIMED) ■ 

□ Plus Added Pages for New Application Transmittal Where Benefit of Prior U.S. 
Applicatlon(s) Claimed 

Number of psoas added 

Plus Added Pages for Papers Referred to In Item 4 Above 

Number of pages added , 

Pius added pages deleting names of Inventor(s) named In prior applicallon(s) 
who is/are no longer inventor(s) of the subject matter claimed In this application. 

Number of pages added 

Plus "Assignment Cover Letter Accompanying New Application" 

Number of pages added 

HI Statement Where No Further Pages Added 

(If no further pages form a part of this Transmittal, then end this Transmittal with 
this page and check the following Item) 
5J This transmittal ends with this page. 



□ 
□ 
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TITLE: Method and apparatus for measuring and optimising the quality of 
data transmission 

TECHNOLOGICAL FIELD 

5 In general, the invention relates to arrangements for measuring and optimising the 
quality of data transmission in a digital cellular radio system. In its various 
embodiments, the invention relates to testing the functioning of a digital radio 
apparatus on the basis of error statistics as well as to combining such testing 
arrangements with the normal operation of a cellular radio system. 

10 

BACKGROUND OF THE INVENTION 

New digital radio apparatus (digital mobile phones, for example) intended for 
operation in public data transmission networks are tested for type approval prior to 
being introduced into the market. Also newly manufactured units from a production 

15 line as well as repaired and/or serviced devices usually undergo certain testing. The 
equipment and methods used in the testing are usually defined in data transmission 
network standards. Fig. 1 illustrates a known test arrangement in which the 
apparatus to be tested is a mobile station (MS) 101 of a cellular radio system. The 
mobile station may also be called user equipment (UE). A simulation system (SS) 

20 102 simulates a cellular radio system during the test. In this application such a 
system is called a simulation system or testing system. Testing the functioning of 
data transmission requires that an active data link 103 be set up between the SS and 
MS, which may be a radio link or a wire link through a testing interface at the 
mobile station. 

25 Tests usually apply a technique in which a mobile station receives a downlink frame 
from the SS and sends back to the SS a corresponding uplink frame which contains 
an equivalent number of bits. The mobile station may even recycle to the SS the 
same individual bits that it received in the downlink direction. The SS examines 
whether the transmission or the operation of the mobile station caused errors in the 

30 frame. Arrow 104 depicts the loopback. The arrangement has been suitable for 
testing the mobile stations of known cellular radio systems since in the known sys- 
tems the data transmission links are bidirectional and their capacity is distributed 
symmetrically; the capacities of uplink and downlink data transmission are equal. In 



\ 



2 

mobile stations of new cellular radio systems, however, it is necessary to test func- 
tions that involve asymmetric distribution of data transmission capacity between 
uplink and downlink transmission. Moreover, mobile stations of new cellular radio 
systems may include functions based on unidirectional dowiilink data transmission 
5 the testing of which is naturally impossible using the method according to the prior 
art. 

From an earlier Finnish patent application no. 981267 by the applicant, which is 
incorporated herein by reference, an alternative testing procedure is known which is 
suitable for the testing of data transmission arrangements with, asymmetric 
10 capacities. In said procedure a mobile station selects from the bits of the downlink 
frame only a portion which is looped back to the uplink frames. The disadvantage of 
such an. arrangement is that errors in those bits of the downlink frame that are not 
looped back uplink will remain undetected. In addition, this arrangement, too, is 
unsuitable for testing unidirectional downlink data transmission links. 

15 Operators that are responsible for the operation of mobile phone networks and oilier 
cellular radio systems are extremely interested in the general quality of data 
transmission that the system can offer. Quality is an important factor in competition 
and often affects the decision-making when signing new subscriber contracts. The 
general quality of data transmission deals with factors such as the continuity of the 

20 coverage area (no dead spots nor areas with a very weak signal), the accessibility of 
channels (the network is not significantly jammed), as well as tolerance to several 
other simultaneous radio connections (simultaneous connections do not interfere 
with each other). A weak signal level and a high degree of interference cause bit 
errors in digital data transmission. The user notices the errors as difficulties in 

25 making and mamtaining the connection, as well as in noise and interruptions 
therein. The technical reason for said symptoms i9 that the receiving apparatus must 
reject certain frames or protocol data units (PDUs), because they contain too many 
such incorrigible errors that cannot be accepted. 

Known methods for measuring and optimising the general quality of data 
30 transmission require that a trained staff carries, within the 9ystem coverage area, 
particular measuring receivers, which produce location-bound measuring data of the 
various spots in the coverage area. In addition to the required personnel and 
equipment resources, another drawback of such arrangements is the fact that the 
data is rarely up to date. Both the operator of the system in question, as well as 
35 operators mamtairiing competing systems, continuously erect new base stations and 
adjust the transmission power of old base stations, which continuously changes the 
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signal and interference conditions. The collecting and organising of the 
measurement data in a form that is suitable for practical network planning takes time 
and requires the setting up of special systems. In prior art telephone stations, it is 
possible to record statistical data as regards unsuccessfully established connections 
5 and quantities of established connections. In case of possible faults, there can also 
be recorded a fault code which roughly describes the nature of the disturbance. 
However, the fault statistic methods of the prior art are fairly approximate. 



SUMMARY OF THE INVENTION 

10 An object of the present invention is to provide a method for testing the functioning 
of a digital radio apparatus, which method is also suitable for testing the functioning 
of data communication arrangements which may have asymmetric capacities or may 
be unidirectional. Another object of the present invention is to provide a method for 
testing the operation of a digital data transmission apparatus, in which method the 

15 dependence on the correct internal functioning of the data transmission apparatus is 
lesser than in procedures according to prior art. Another object of the invention is to 
provide the equipment needed to implement the method according to the invention. 
A further object of the present invention is to introduce a method and arrangement 
whereby the general quality of data transmission in a cellular radio system can at 

20 Jeast be measured, and most advantageously also optimised. A still further object of 
the invention is to shorten the delay between actual measurements and the moment 
when the results are available for use in network planning. A still further object of 
the invention is that the data so produced is fairly well up to date. 

The objects of the invention are achieved by including in the digital radio apparatus 
25 tested a circuit that can produce a copy of the test data used in the test. Thereby, 
error statistics can be compiled at the digital radio apparatus tested so that only the 
statistical results need be transmitted uplink. The uplink connection can be entirely 
separate from the downlink connection. 

The objects of the invention that relate to the measurement and optimization of 
30 general transmission quality of a cellular radio system are achieved by harnessing a 
number of portable mobile stations of the cellular radio system, or for instance all 
mobile stations, to collect such measurement data that describes the general quality 
of data transmission, and by arranging the process of collecting said data so that the 
locality dependency of said data is taken into account. 



In the first aspect of the invention it concerns a method for testing the functioning of 
downlink data communication in a mobile station equipped for receiving a signal in 
the downlink direction and for sending a signal in the uplink direction; this aspect of 
the invention is characterized in that the method comprises the steps of: 

5 - receiving a test signal in the downlink direction, 

- comparing the received test signal to a known form of the test signal, 

- producing and temporarily storing information about errors which were detected in 
the received test signal during the comparing step, and 

- sending in the uplink direction a signal representing the stored information about 
10 errors, 

In the second aspect of the invention it concerns a method for testing the 
functioning of data comniunication in a communication connection between a 
device equipped for sending a signal in the downlink direction and for receiving a 
signal in the uplink direction and a mobile station equipped for receiving a signal in 
15 the downlink direction and for sending a signal in the uplink direction; this aspect of 
the invention is characterized in that it comprises steps of: 

- generating a first test sequence, 

- generating known errors in the first test sequence to produce a second test se- 
quence, 

20 - sending the second test sequence in the downlink direction to the mobile station, 

- producing at the mobile station a third test sequence corresponding to the first test 
sequence, 

- comparing at the mobile station the second test sequence to the third test sequence 
in order to detect differences between the second and third test sequences, and 

25 - sending in the uplink direction from the mobile station inforniation representing 
the differences detected between the second and third test sequences. 

In the third aspect of the invention it concerns a method for testing the functioning 
of downlink data communication in a cellular radio system; this aspect of the 
invention is characterized in that it comprises the steps of: 

30 - sending a test signal from a base station to at least one mobile station, 

- receiving the test signal sent by the base station at a mobile station, 

- comparing the test signal received at the mobile station to a known form of the test 
signal, 

- producing and temporarily storing at the mobile station information about errors 
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which were detected in the received test signal during the comparing step, 

- sending information representing the stored information about errors from the 
mobile station to a base station, 

- receiving me information sent by the mobile station at a base station, and 

5 - storing in the cellular radio system the information received by the base station. 

In the fourth aspect of the invention it concerns a mobile station of a cellular radio 
system, comprising: 

- reception means for receiving a signal in the downlink direction and 

- transmission means for sending a signal in the uplink direction; 
10 this aspect of the invention is characterized in that it comprises 

- comparison means for comparing a received test signal to a known form of the test 
signal, 

- means for producing and temporarily storing information about errors which were 
detected in the received test signal by said comparison means and 

15 - uplink sending means for sending in the uplink direction a signal representing the 
stored information about errors. 

In. the fifth aspect of the invention it concerns a system for measuring the general 
quality of data transmission in a cellular radio system, said system comprising a 
base station subsystem and a mobile station; thi9 aspect of the invention is charac- 
20 terized in that it comprises 

- in the base station subsystem, means for generating a test signal and for transmit- 
ting it via a base station of the cellular radio system to the mobile station of the cel- 
lular radio system, 

- in the mobile station, means for generating and storing data describing the occur- 
25 rence of errors in the test signal received by the mobile station, 

- in the mobile station means for uansniitting a first error message to the base sta- 
tion subsystem, said first error message describing the occurrence of errors in the 
test signal received by the mobile station within a given slot, and 

- a control unit for collecting such error data that describes the error messages 
30 received by the base station subsystem of the cellular radio system from the mobile 

stations, 

The measuring of bit error ratio (BER) and frame erasure ratio (FER), as well as the 
building up of statistics, is known as such. For instance the testing carried out in 
connection with the production and type approval steps of mobile phones has 



traditionally included a step where the testing equipment transmits in the downlink 
direction test data to the mobile station, which test data is then circulated hy the 
mobile station either completely or partly back in the uplink direction. In known 
arrangements the testing equipment detects how many errors have been introduced 
5 into the test data on its path through the mobile station to be tested, and builds up 
statistics of the error occurrences. The type approval conditions set certain limits 
which the error occurrences must not exceed. 

In accordance with a first aspect of the invention a circuit is included in a digital 
radio apparatus which is capable of producing the same test sequence as the 

10 .simulation system, or more generally, the device from which the test sequence 
originates. Thus for example a mobile station receiving downlink test data knows bit 
by bit what the received test data frames should contain. By comparing the received 
bit sequence to the sequence it has produced itself it can detect errors in the 
received sequence and compile various error statistics in the form of bit error ratio 

15 (BER) or frame erasure ratio (FER), for example. The uplink connection is only 
needed to convey these statistics to the simulation system or other party 
communicating with the mobile station, so that at best the need for uplink data 
transmission capacity is only a fraction of that needed for downlink data 
transmission. In general it can be said that (he digital radio apparatus performs an 

20 error analysis of the received bit sequence using a bit sequence produced, by the 
digital radio apparatus itself and transmits in the uplink direction information about 
the results obtained from, the analysis. 

The uplink data connection need not be conceptually associated with the downlink 
data connection at all. If the uplink data connection is only needed locally as e.g. 
25 between a piece of test equipment and a tested mobile station, the uplink connection 
may rely on the so-called Bluetooth link which has been proposed for new 
electronic apparatus to provide a short-range wireless data link between at least two 
apparatus. A mobile station can send information about the analysis results to the 
test equipment via the Bluetooth link, 

30 In order to take even more advantage of the ability of the digital radio apparatus to 
produce a copy of what it assumes to be the correct test sequence, it is possible to 
intentionally introduce a known number of errors into the test sequence. The test 
sequence is sent to the digital radio apparatus preferably under good enough signal 
propagation conditions so that it is unlikely that the quantity or quality of errors 

35 would substantially change prior to that point in the digital radio apparatus tested 
where the correctness of the received sequence is analyzed. When the tested 
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apparatus compares the received test sequence to the sequence it has produced itself 
it detects the errors in the received sequence and produces various error statistics in 
the form of bit error ratio (BER) or frame erasure ratio (FER), for example. The 
uplink connection is used to convey these statistics to e.g. a simulation system or 
5 some other device which examines whether the information provided by the tested 
apparatus matches the original information about the intentionally caused 
erroneousness of the sequence sent in the downlink direction. 

When the invention is applied to the task of measuring and optimizing the general 
data transmission quality of a cellular radio system, the measuring of the bit and/or 
10 frame error ratio as well as the building up of error statistics are applied so that a 
number of base stations (or for example all base stations) transmit a given signal, 
which in the sense meant by the invention can be interpreted as, a test signal. A 
number of mobile stations is programmed to receive the test signal and to measure 
and register the errors occurring in the received test signal and to compile statistics 

15 thereof. The mobile stations transmit the registered error data, or some parameters 
describing it, or the compiled statistics, or some parameters describing the compiled 
statistics, to the base stations, wherefrom they are transmitted in the cellular radio 
system further to a given central station, The error data is associated with a piece of 
locality information, which in its simplest form is the same as the location area 

20 defined in the cellular radio system, but which also can be a detailed piece of 
information of the location of the mobile station at the point of measurement. It has 
often been suggested that the mobile stations of future cellular radio systems should 
be provided with a device not unlike the current global positioning system (GPS), 
whereby the location of the mobile station can at any moment be defined extremely 

25 accurately. There have likewise been suggested methods and arrangements in order 
to enable the mobile station to find out its own location, for example by means of 
the time differences between the signals transmitted by certain base stations, or by 
some other means. In similar fashion, there have been suggested methods and 
arrangements in order to enable the network to find out the location of the mobile 

30 station, for instance by observing the messages transmitted by the mobile station via 
several base stations. Such arrangements for defining locations can also be utilised 
in the system according to the present invention. 

The test signal transmitted by the base station can be combined with the normal 
transmission activity of the base station, in which case for instance part of the 
35 general messages transmitted in the so-called broadcast channel are understood as 
test signals. Such messages are generally transmitted in frames mcluding a cyclic 
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redundancy check (CRC) code or some other error detection code, Thereby the 
mobile station can find out whether the received general frame contains errors. 
There can, however, also be introduced an embodiment where the base stations or 
some of them are programmed to transmit a given pseudorandom bit sequence, 
5 which is generated by initialising a given random number generator with a given 
seed number. All mobile stations, or some of them, can be provided with a 
corresponding random number generator, in which case the base station and the 
mobile station can use the same seed number in order to generate the same 
pseudorandom bit sequence both in the base station and in the mobile station. When 
10 die mobile station has received the pseudorandom bit sequence transmitted by the 
base station, it compares it with a corresponding self-generated sequence and 
calculates and registers the errors occurring in the received signal. 

The functionality of the above described measuring arrangement can be tested so 
that at least one base station transmits from time to time a test signal which is on 

15 purpose provided with a known number of errors. The mobile 9tation does not know 
that the errors are caused on purpose already prior to transmitting the test signal, but 
it treats them in similar fashion as other detected errors. After said errors are 
detected and registered in the mobile station, and after the mobile station has 
transmitted the related error data to the base station, the number of known errors can 

20 be compared to the error data given by the mobile station. Contradictions between 
these two sets of data mean that the system may not function in the desired way. 



BRIEF DESCRIPTION OF DRAWINGS 

The invention is explained hi more detail below, with respect to the preferred 
25 embodiments described by way of example and to the appended drawings, where 

figure 1 illustrates testing according to the prior art, 

figure 2 illustrates the principle of an embodiment of the invention, 

figure 3 is a block diagram of a mobile telephone according to an embodiment of 
the invention, 

30 figure 4 illustrates the architecture of a protocol level in a data transmission 
protocol, 

figure 5 illustrates a method of using the embodiment of Fig. 2 in testing, 
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figure 6 illustrates the principle of another embodiment of the invention, 

figure 7 illustrates a method of using the embodiment of Fig. 6 in testing, 

figure 8 illustrates the principle of operation of a base station, a mobile station 
and a control station according to an embodiment of the invention, 

5 figure 9 illustrates the principle of applying an embodiment of the invention to 
the measurement of data transmission quality of a cellular radio system, 
and 

figure 10 illustrates a modification of the principle of figure 9, 

Fig. 1 was described earlier within the description of prior art, so the following 
10 description of the invention and its advntageous embodiments focuses on figures 2 
to 10. Like parts in the drawings are designated with the same reference designators. 



DETAILED DESCRIPTION OF THE INVENTION 

Fig. 2 shows an arrangement in which a mobile station 202 to be tested is coupled in 
15 a known manner to test equipment 201. It is usually advantageous from, the testing 
standpoint that the mobile station 202 is equipped with a subscriber identity module 
(SIM) 203 designed specifically for testing purposes, which SIM may be a smart 
card like the SIM card widely used in mobile stations or a special SIM simulator 
which establishes the necessary connections between the SIM interface in the 
20 mobile station and a special equipment simulating the operation of a SIM. However, 
the invention does not require the use of a particular SIM. 

In a known manner the test equipment 201 comprises a bit sequence generator 204 
which is initialized using a certain so-called seed 205 and which then produces a 
pseudorandom bit sequence. In accordance with the invention the mobile station 

25 comprises a functionally identical bit sequence generator 206 which also is initial- 
ized using a certain seed 207. It follows from the general principles applying to 
pseudorandom bit sequence generators that if the seeds 205 and 207 are identical, 
generators 204 and 206 will produce exactly identical pseudorandom bit sequences. 
The use of just pseudorandom bit sequences for testing has been found to contain 

30 certain advantages, because the pseudorandom nature of them models reasonably 
well a practical communication situation where it can not be predicted, what exactly 
will be transmitted over a communication connection. Constant or systematically 
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changing bit fences could be used as well, but they usually do not exhibit the 

same advantageous characteristics from the testing pornt of view. 

In accordance with the invention Ike mobile station 202 also comprises a compara- 

nile bit by bit the bit sequence received from the test equpM* to & 

chanced bit sequence and to compile and temporarily -™ 
differences detected. In addition, there is an uplink cordon from the s «n*£ 
analysis and storage unit 209 back to the test equrpment so that dre restdtog 
statistics can be sent to the test equipment. This connection may be an nplmk 
chlel in the same data connection via which the downlink srgnal was sent from 
"equipment 201tothemobUe station 202 or it may be some other connects 
such as a Bluetooth connection. 

For the comparison of pseudorandom bit sequences to be meaningful, me bit 
sequence generators 204 and 206 must operate in a synchronized manner, ,e. they 
have to generate the same bits at the same pace. The synchroruzation of the ela- 
tion of bit sequences is known per se because in spread spectrum t^BM" 
leral and specifically in code division multiple access (CDMA) methods tod* 
Lntiation of a given utility signal from rivaling signals and noise is based on using 
"to sJe pseudorandom spreading sequence at bo* the transmit* ,g and 
receiving end. In connection with the invention it is possrble to use a known 
technique to synchronize the generation of the bit sequences. In Fig. 2, 
synchronization is schematically depicted by an arrow 210. 

Through the uplink connection it is possible to send e.g. a stored bit error ratio or 
frame erasure ratio value or a value derived from them, such as a mean bit error 

; ratio over a time span. Many applications are only interested in whether the bit error 
ratio or frame erasure ratio stays below a predetermined limit, in which case oriy . 
yes/no type answer (is smaller than limit value / is not smaller than hrmt value) 
needs t7be sent uplink. Since limit values are usually defined as exponent^ 
numbers (say, 1.0 • 10'<), one possibility is to sent uplink the exponent x of die 

) number 1.0 • 10"* which represents the upper limit value of die observed bit error 
ratio. Thus e.g. a number -6 sent uplink would indicate that the observed bit error 
ratio is smaller than 1.0 • 10" . 

Figure 3 is a block diagram of a mobile station where the invention can be .ppBeA 
The mobile station illustrated in the drawing is a mobile phone provided with da a 
5 channels, but the applicability of the invention is by no means restncted to mob.le 
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phones only. The interface 301 is an antenna interface through which the downlink 
radio frames come to the mobile phone; it can be an antenna proper or some otoer 
RF interface provided in the mobile phone for testing and/or other purposes such as 
coupling to an externa! antenna in a vehicle installation Idt Block 302 il^sfrates , * 
general all such known radio and mtennediate frequency elements through the 
operation of which toe received radio-frequency signal is downconverted onto 
baseband frequencies. The information contained by a baseband signal is 
reconstructed in a demodulator 303, and a possible encryption is decoded in a 
decoding block 304. From this point onwards, the processing of the received 
information differs according to whether it is signalling, digitised speech or data. 

The information contained by the signalling channels is conducted to a channel 
decoder 306, and theretiirough to a control block 307, which is a nncroprocessor 
and controls the operation of me mobile phone. The data contained m the uplink 
signalling channels is generated in the control block 307, and it is channel coded in 
block 308 From the point 309 onwards, the channel coded uplink signalling 
information is treated in same fashion as any other uplink information i.e. it is 
encrypted in an encryption block 310, added, by means of modulation, to baseband 
oscillations in the modulator 311 and upconverted onto radio frequency in the 
general block 312 describing the radio frequency parts of the transmission branch in 
question, whereafter it can be transmitted via an antenna interface 3 13. The antenna 
interfaces 301 and 313 can be one and the same antenna interface, m case die 
mixing of the uplink and downlink information is prevented by means of a suitable 
duplexing block (not illustrated). 

Downlink digitised speech is conducted at point 305 to a channel decoder 3 14 of the 
speech channels, and the signal generated by said decoder is further subjected to 
speech encoding in block 315. Points 316 and 317 form part of a so-called digital 
audio interface (DAI), via which the digital speech information processed by the 
mobile station can be monitored from outside the mobile station. If the DAI 
interface is passed over, from the speech encoder 315 there is provided a direct 
connection to the D/A converter 318, and die speech information converted to 
analog form by said converter can be repeated by a loudspeaker 319. In the uplink 
direction a microphone 320 records speech which is then digitised in an A/D 
converter 321, and which can thereafter be conducted, via the DAI interface to an 
external measuring device; this part of the DAI interface is represented by points 
322 and 323. From block 321, digitised speech can also be conducted directly to a 
speech encoder 324 and further to the channel encoder 325 of toe speech channels, 
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and further to point 309, herefrom its treatment proceeds as is illustrated above, as 
regards the signalling information in the uplink direction. 

From point 305, the downlink information belonging to the data channels is 
conducted to tie channel decoder 326 of the data channels. When the mobile phone 
is used together with an external data station, the channel decoded uiforrnation 
connected to the date channels is conducted, via point 327, to a station adapter 328 
and further to an external station329. Respectively, uplink information connec ed to 
the data channels is conducted, from the data station 329 via the mob.le station 
adapter 328 and point 330, to a data channel encoder 33 1 and the processing of £o 
channel encoded data proceeds from point 309 towards tire antenna 
similar fashion as was described above, as regards the uplink signaling ^formation. 

hr practice, the blocks illustrated in figure 3 are not necessarily separate in .. . mobile 
phone but for instance the channel encoding and decoding blocks 306, 308, 314, 
325 326 and 33 1 can be realised by means of one circuit, which is programmed to 
function in different ways depending on whether it deals with signalling, speech or 
data. However, it is quite normal to treat the blocks illustrated in iigure 3 as separate 
blocks, because it helps to get an overall view of the operation of the mobile phone. 
The comparison according to the invention of the received pseudorandom bit 
sequence with a locally generated bit sequence can be carried out at many points of 
figure 3 . In one embodiment, the comparison and the composing of error statistics is 
carried out at point 305, and the obtained results are conducted to uplink data 
transmission at point 309 according to block 332. In another embodmrent, where 
particularly the operation of the data channels is tested, the comparison and the 
error statistics registration is carried out at point 327, and the registration ^results are 
connected to uplink data transmission at point 330, according to block 333. Similar 
test loops, as in the latter case, can also be formed in other than data channels. The 
operation according to said embodiments requires certain separate arrangements; 
particularly that the mobile station is provided to form said test loops. It is also 
possible to realise the comparison and the error statistics registration after channel 
30 decoding, in the control block 307. 

In figure 3, it is assumed that uplink data is transmitted via a given uplink data 
tiansmission channel, in which case blocks 332 and 333 form a test loop in between 
the downlink and the uplink data transmission. If a Bluetooth correction or a 
corresponding separate data link is used to transmit the uplink information, blocks 
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332 and 333 must have a connection to the functional block (not shown) that 
maintains such a separate transmission link. 

The comparison and error statistics composing processes are switched on according 
,o a given measuring timetable or by given commands mat the mobile station 

5 receives in the downlink direction. In order to illustrate the background and 
processing of these commands it will be next described briefly a portion of a 
cellular radio system protocol stack defined in the specifications of the cellular radio 
system in question, referring to Fig. 4. The architecture described relates to the so- 
called Layer 3 protocol signaling in the GSM system, as defined m specification 

10 ETS GSM 04.07, although some insignificant salifications have been made m the 
figure for the reason of graphic clarity. 

The bottom protocol layer 401 in Fig. 4 is a so-caUed radio resource (RR.) manage- 
ment layer which has links downward through several separate logical channels 
These channels are the random access channel (EACH), broadcast control channel 
15 (BCCH) access pant channel / paging channel (AGCH+PCH), standee ded.- 
cated control chall (SDCCH), fast associated control channel (FACCH) and the 
slow associated control channel (SACCH). Channels related to radio resource man- 
agement are connected to an RR block 402, and other channels axe connected via 
the RR service access point (RR-SAP) to the next higher protocol layer which* 
20 the mobility management (MM) layer 403. Onthatkyer, channels related to mobil- 
ity management are connected to an MM block 404, and other channels are directed 
via SAPS of their own to layer 405: the connection related to call control is directed 
via MMCC-SAP to the call control (CC) part of layer 405, the connection related to 
supplementary services is directed via MMSS-SAP to the supplementary services 
25 (SS) part of layer 405, and the connection related to short messages » directed via 
MMSMS-SAP to the short message services (SMS) part of layer 405. The CC, SS 
and SMS parts of layer 405 and the MM block of layer 403 have connections to the 
next higher protocol layer, which is not shown in Fig. 4. 

We may consider the applicability of the protocol structures shown in Fig. 4 to a 
30 testing embodiment of the invention where a mobile station is communicating with a 
piece of test equipment. At the beginning of the test an arrangement according to 
Fig 2 is first set up in which the mobile station to be tested is connected m a known 
manner to the test equipment and test SIM. A mobile terrrunating (MT) radio link is 
established between the mobile station and test equipment in accordance with Fig. 
35 5 When the mobile station is on, the test equipment sends to it on the PCH a pagmg 
request 501, to which the mobile station responds with a channel request 502 sent 
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on the RACH After that, the test equipment sends an immediate assignment 503 
which may include various instructions fox the mobile station. The mobile station 
sends to the test equipment a set asynchronous balanced mode (SABM) message 
504 which in fact is a paging response and is sent on the SDCCH The test 
5 equipment acknowledges the SABM message using an unnumbered acknowledge 
(UA)505. 

The contents and syntax of the messages shown in Fig. 5 are mainly defined in 
specification GSM 04.08. However, some messages have portions reserved for 
future extensions, which portions can be used to utilize the messages for the present 
10 invention. Particularly the immediate assignment 503 contains so-called rest octets 
in which the fust two bits indicate the contents of the rest of the rest octet By the 
priority date of this patent application values 11 and 10 of the values of the first two 
bits of the rest octet have been reserved but values 01 and 00 are unused. In accor- 
dance with a preferred embodiment of the invention at least one of 1hese values can 
be reserved to indicate that in response to the immediate assignment 503 the mobile 
station to be tested has to set itself in a special test mode. The test mode is advanta- 
geously defined such that even though an RR-level link between the mobile station 
and test equipment has already been established, the RR layer (layer 401 in Fig. 4) 
in the mobile station's protocol stack will not inform the MM layer (layer 403 m 
Fig 4) about the link. As the MM layer and higher protocol. layers do not know 
about the existence of the radio link, they will not try to disconnect the link because 
of a supervising mechanism which would e.g. attempt to monitor the error status oi 
the connection. 

So test mode means that the mobile station to be tested is instructed to maintain a 
25 connection on a certain transmission channel. The mobile station is kept in the test 
mode by Layer 3 signaling. Defining the test mode as described above and realiza- 
tion of the definition in practice can be easily implemented by a person skilled in 
the art since the operation of the mobile station is totally controlled by its control 
block (reference designator 307 in Fig. 3). The control block in turn is a micro- 
30 processor which executes a program stored in the memory media available to it 
When this program is written such that in response to the reception of a certain. 
Layer 3 command no notification is sent to upper protocol layers, the mobile station 
can be made to function in the desired manner according to the invention. 

When connection has been established in the maimer according to Fig. 5 the test 
35 equipment can send to the mobile station to be tested any commands that do not 
require that upper protocol layers, winch do not know about the connection, paxtici- 
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pate in the communication Below a case is described in which the test equipment 
wants the mobile station to make comparisons and error statistics m accordance 
with block 332 between point, 305 and 309, referring to Fig. 3. For simpUcity tins 
arrangement can be called a Gloop. By way of example, let us especially consider a 
case m which the transmission channel tested is a HSCSD-type data channel or 
such that data belonging to it can be placed in more ton one timeslot m a radio 
frame. Such a channel may also be called a multislot channel. 
At first the test equipment sends a comparison and statistical operation start com- 
mand associated with the data channel, which command can be ^ called 
CLOSE Multi-slotJoop_CMD. The close command may include an identifier on 
tire basilof which the mobile station identifies the G loop. Alternatively it may be 
specified that if the CLOSE_Multi-slot_loop_CMD does not include an identifier, .1 
refers to the closing of the G loop. For the test equipment to be able to venfy that a 
message sent by it has been received it advantageously starts a timer in connection 
15 with me sending, in which case the mobile station must send an acknowledge before 
the timer expires. The mobile station acknowledges the message using an acknowl- 
edge^nessage which can be called CXOSE_Multi-slot_loop_ACIC. The mobtie sta- 
tion closes, I.e. activates, the test loop in a certain time after it has sen, the acknowl- 
edge Compatibility with certain earlier specified functions may require a certain 
20 value for thattime period. In GSM, an advantageous value is one «^^»** 
period, or block length on SACCH, which corresponds to the lengtii of 104 radio 
frames. In addition, it is advantageous to specify that if the test loop is already 
closed or tiie active radio link has not been established in the manner fording to 
Fig. 5, the mobile station will not respond to the CLOSE_Mulu-sbt_loo P _CMD 
25 message. 

Once the G loop has been activated the test equipment can start sending test data, 
i e periods of a pseudorandom bit sequence packed in downlink frames. In an alter- 
native embodiment the information bits in the downlink frames may also include 
non-random bit combinations which will be particularly examined for reception 
errors Naturally the mobile station tested must know about the use of such brt conv 
binatians just as it knows about the use of the pseudorandom bit sequences as 
described above, Functionally, the transmission and reception of data are imple- 
mented at the physical protocol level which is called Layer 1. So, in principle the 
testing need not involve any one of the higher protocol levels at the mobile station. 
35 However, Layer 1 does not allow for any commands relating to the control of the 
operation of the mobile station but the reception and interpretation of such com- 
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mands require activity at Layer 3. However, in accordance with a preferred em- 
bodiment of the invention, no notification is sent to the upper protocol levels al- 
though normal operation would require that the information about the active com- 
munications link be sent to all protocol levels up to the application level to the 
operation of which the data transmitted via the link are related. Naturally the inven- 
tion does not exclude that another embodiment of the invention conform to the 
normal procedure as regards the protocol levels. 

While the G loop is active the mobile station compares the received bit sequence 
portions to the locally produced portions and measures e.g. the bit error ratio or 
frame erasure ratio and compiles statistics of the measurement results in a desired 
manner. Since the received signal is examined in the G loop prior to channel 
decoding, the locally produced bit sequence at the mobile station also has to be 
channel encoded for the comparison to be meaningful. Complete statistics or infor- 
mation elements representing the reception error status in general are sent uplink to 
the test equipment. 

The test equipment receives the uplink frames sent by the mobile station and de- 
modulates and decrypts them so that the statistical results in the received frame can 
be processed by the test equipment. The signal level at which the downlink frames 
are delivered to the mobile station can be varied so that the bit error ratio (BER) 
detected by it represents the sensitivity of the receiver of the mobile station espe- 
cially at low signal levels. It is typical of type approval tests that a certain minimum 
sensitivity is required of the mobile station, which means that at a given signal level 
the bit error ratio must not exceed a predetermined limit value. 

At the end of the test the test equipment may instruct the mobile station to release 
the test loop by sending a special command which can be called OPEN_Multi- 
slot_loop_CMT>. The command need not identify which particular test loop is meant 
if it has been specified that the mobile station can only have one active test loop at a 
time. The mobile station opens the test loop and acknowledges the message with an 
acknowledge message which can be called OPEN_Multi-slotJoop_ACK. In 
connection with the release of the test loop the mobile station returns from the test 
mode to the normal operating mode. 

Let us next consider a case in which the test equipment wants the mobile station to 
make comparisons and error statistics according to block 333 between points 327 
and 330, referring to Fig. 3. For simplicity, this test loop can be called an H loop. 
Let us consider a case in which a HSCSD-type data channel is to be tested. The test 
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equipment sends a CLOSE_Multi-slot_loop_CMD which now advantageously in- 
cludes an identifier on the basis of which the mobile station identifies the H loop. If 
there can be several different data channels, the data channel in question has to be 
identified, too. Again, the test equipment advantageously starts a timer m connec- 
5 tion with the sending of the message, in which case the mobile station has to send 
an acknowledge before the timer expires. The mobile station acknowledges the 
message using a CLOSE_Multi-slot_loo P _ACK whereby the test equipment stops 
said timer. The mobile station activates the test loop in a certain time after it has 
sent the acknowledge. This time period is preferably die same as in the G loop case 
10 described above. 

Operation according to the H loop differs from that according to the G loop in that 
since channel decoding is realized before the data are sent back uplink, the mobile 
station can also examine whether tire received data frames have errors that are 
revealed by checksums included in the data frames. So, in addition to or instead of 
15 the normal error detection and statistical method it is also possible to use a second 
method. Moreover, the bit sequence produced locally at the mobile station neednt 
be channel encoded now. 

hi GSM it is also possible that the mobile station detects in association with decod- 
ing on the basis of the values of the stealing flags, that the frame contains data re- 

20 lated to the FACCH channel. The invention does not limit the handling of such 
frames in a test situation. An advantageous solution is to let both the uplink and 
downlink FACCH operate normally in a test situation, specifying no test response 
for the reception of a frame belonging to the downlink FACCH. The same applies to 
the SACCH channel. Opening of the H loop is carried out in the same way as 

25 opening of the G loop described above. 

The following general rules apply preferably to all test loops described above; 

- one OPEN_Multi-slot_loop_CMD message shall open all active test loops, 

- assignment to a new multislot channel timeslot configuration shall be preceded by 
an OPEN >lulti-slot_loop_CMD message to open existing test loops, 

30 - it is the responsibility of the test equipment to ensure correct channel configuration 
for the test, 

- termination of an established data link shall open the test loops rn the same way as 
an OPEN_Multi-slot_loop_CMD message, 

- changing the transmission power, a new channel assignment or a handover shall 
35 not affect the test loops, 

- the test equipment shall make sure that a new channel assignment, handover or re- 
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configuration will not include a timeslot configuration that would affect the test 
loop, 

- once the test loop is closed, a new CLOSE_Multi-slotJoop_CMD message shall 
override the previous one (multiple CLOSE_Multi-slot_loop_CMD messages are 
not additive), 

- if the data link is terminated and the test loops are therefore opened, there is no 
need to send a separate OPEN_Multi-slotJoop_CMD message, 

- a data channel test loop affects only the data channel in question, not e.g. the op- 
eration of FACCH or SACCH channels, and 

- data channel test loops have no effect on the operation of possible other simulta- 
neous test loops nor are dependent of them. 

Next we will consider the possibility of intentionally introducing errors into the test 
sequence. Fig. 6 illustrates an arrangement otherwise similar to that of Fig. 2 but 
with the difference that the test equipment includes an error generator 611 operating 

15 in a controlled manner such that it can produce a certain known erroneousness in 
any given test sequence. The error generator 611 can produce errors in a test 
sequence partly pseudorandomly, i.e. in such a manner that a given portion of the 
test sequence has an exact known number of errors but their placement within that 
portion is random. The error generator 61 1 may also operate in such a manner that it 

20 produces an exact specified bit error pattern which e.g. has at K-bit intervals a 
period of N bits, where the value of every M* bit is changed. Here, K, N and M are 
positive integers, whereby the control circuit (not shown) controlling the operation 
of the error generator can accurately control the generation of errors by providing 
the error generator with the desired K, N and M values. Many combinations and 

25 modifications of these techniques are also possible. 

In accordance with the invention the test equipment also includes a comparison 
circuit 612 which is informed about how many and what kind of errors the test 
sequence includes at the moment of sending to the mobile station in downlink data 
transmission frames. This information may come from the error generator control 

30 data, as depicted in Fig. 6 by a continuous line, or the comparison circuit 612 may 
receive copies of the downlink frames delivered to the mobile station tested. The 
latter option is depicted in Fig. 6 by a broken line. When the mobile station tested 
sends to the test equipment the information about the detected errors, the informa- 
tion is directed to the comparison circuit 612 in the test equipment. The comparison 

3 5 circuit 6 12 can then examine whether the information from the mobile station tested 
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matches the information representing the erroneousness of the test sequence at the 
moment of sending. 

The procedures of setting up, using and tearing down test loops in the mobile station 
to be tested may operate exactly as described above in association with the 
embodiment where intentional errors in the test sequence were not utilized. 
Especially the test loop may again be closed without contribution from certam upper 
protocol layers. 

Fig 7 shows an exemplary testing method where intentional errors in the test 
sequence are utilized. The mobile station tested is connected in a known manner to 
me test equipment and test SIM. A mobile terminating (MT) radio link is 
established between the mobile station and test equipment in accordance with Fig. 
7 When the mobile station is on, the test equipment sends to it on a PCH channel a 
paging request 701, to which the mobile station responds with a channel request 702 
sent on a RACH channel. After that, the test equipment sends an immediate 
assignment 70? which may include various instructions for the mobile station. The 
mobile station sends to the test equipment a set asynchronous ^ ce ^ od * 
(SABM) message 704 which in fact is a paging response and is sent on a SDCCH 
channel. The test equipment acknowledges the SABM message using an 
unnumbered acknowledge (UA) 705. 

The contents and syntax of the messages shown in Fig. 7 are mainly defined in 
specification GSM 04.08. However, some messages have portions reserved for 
future extensions, which portions can be used to utilize the messages for the present 
invention. Particularly the immediate assignment 703 contains so-called rest octets 
in which the first two bits indicate the contents of the rest of the rest octet. By the 
priority date of this patent application, values 11 and 10 of the values of the first 
two bits of the rest octet have been reserved but values 01 and 00 are unused. In 
accordance with a preferred embodiment of the invention at least one of these 
values can be reserved to indicate that in response to the immediate assignment 703 
the mobile station to be tested has to set itself in a special test mode. The test mode 
is advantageously defined such that even though an RRrlevel link between the 
mobile station and test equipment has alieady been established, the RR layer in the 
mobile station's protocol stack will not inform the upper MM layer about the link. 
As the MM layer and higher protocol layers do not know about the existence of the 
radio link, they will not try to disconnect the link because of a supervising mecha- 
nism which would e.g. attempt to monitor the error status of the connection. 
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So test mode means that me mobile station to be tested rs ^c ed to mamlMt 
loZ JL on a certain transmission channel. The mobile station » kept » the test 
nrooTbv Layer 3 signaling. Defining the test mode as described above and real^- 
til of ^ 1^2 t practice can be easily implemented by a person stalled m 

IT The con J block in turn is a microprocessor which executes a prognmt 
stored in the memory means available to it When this program is wntten such that 
TrZZ to me reception of a certain Layer 3 command on * 

upper protocol layers, the mobile station can be made to function m the desrred 
10 maimer according to the invention. 

When a connection has been established, the test equipment can send to the mobile 
station tested any commands that do not require that upper P«*^£^ 
do not know about the connection, participate in the commurucation Below trs 
simply assumed that the test equipment sends a start companson and proc^smg 
15 command START 706 which may include various identifiers e.g. to »P~**» 
pcTt in the mobile station tested at which the statistical processing of errors should 
be carried cut. For the test equipment to be able to verify that a message sent by t 
has been received it advantageously starts a timer in connection wrth the sendrng, m 
which case the mobile station must send an acknowledge before the ™J*™ 
20 The mobile station acknowledges the message using an acknowledge message ACK 
707. The mobile station activates 708 the test loop in a certain time after sendmg the 
acknowledgement. 

When the test loop is activated at the mobile station tested, the test equipment can 
start to send test data, i.e. blocks of a pseudorandom test sequence packed tnto 
downlink frames such that errors are generated in said blocks in a known manner 
To that end, the test equipment produces 709 a first test sequence, generates 710 
known errors in it, and sends 711 the resulting second test sequence to the mobue 
station tested. The mobile station tested produces 712 a third test sequence corre- 
sponding to the first test sequence and compares 713 the second test sequence to the 
tttrd test sequence in order to detect the differences between the test sequences. The 
mobile station tested responds to the test equipment by sending to it mformation that 
represents errors detected in the received signal. This is depicted by an 
Fig 7 As the purpose is to test the detection of errors at the mobue station, the test 
data is advantageously sent to the mobile station at a relatively high stgnal strength 
and under optimal signal propagation conditions so that no errors are hkely to be 
generated in the test data during the transmission. 
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Arrows 715 and 716 depict the sending of test data at different "error levels . toot 
Z Z generated in the test data e.g. in greater or smaller, quantities or th errors 
Ty foltw various occurrence patterns (regularly/irregularly, eveidy/burstily etc.). 
ThTbLtion does not limit foe actual placement of errors in the test data. Arrow 
717 depicts the retransmission by the mobile station tested of information repre- 
senting the errors detected in the received signal. 

When the test loop is active tire mobile station compares the received test sequence 
blocks to the locaUy produced blocks and measures e.g. the brt error ratio or frame 
e^atio and compiles statistics of the measurement results in a desired manner. 
Complete statistics or information elements representing the reception error status m 
general are sent back uplink to the test equipment. The test equipment 
uplink frames sent by the mobile station and demodulates and decrypts them so tot 
the statistical results in the received frame can be processed by the test eqmpment. 
At the end of the test the test equipment may instruct the mobile station to quit the 
test loop by sending a special command QUIT, depicted by arrow 718 in Fig. r The 
mobile station quits the test loop and acknowledges the message with an acknowl- 
edge message ACK, depicted by arrow 719. In connection with the quitting of the 
test loop the mobile station returns 720 from the test mode to the normal operating 
mode. 

Let us now consider the application of the testing principles presented above to the 
measurement and optimization of general data transmission quality in a cellular 
radio system. Figure 8 is a diagrammatic view of a base station subsystem (BSS) 
801 of a cellular radio system, a mobile station (MS) 802 and a contro unit «b 
connected to the stationary parts of the cellular radio system, said control unit S03 
most advantageously being a computer. The following specification can be 
understood as a description of certain functional parts of said devices, and as a 
description of a method according to a preferred embodiment of the invention. 

At step 804, the test signal transmitter unit operating in the base station subsystem 
generates a test signal and transmits it, so that at least one mobile station m the cell 
of a given base station can receive it. It was already mentioned above that the test 
signal can be part of a normal transmission of the base station, for instance on a 
broadcast channel, or it can be a signal generated particularly for testing purposes. 
The employed test signal can also be one of those pilot signals that the base stations 
transmit according to conventional methods, and/or one of the synchronising 
sequences that are included in the downlink bursts transmitted by the base stations. 



The transition of a test signal is advantageously arranged according to a given 
^s~n timetable which is taw. t. the mobile staUons, or which is 
announced prior to transmitting the test signal. 
At step 805 the radio receiver of the mobile station receives the test 

wZsTmeasured value of the bit error ratio or the frame erasure ratio during a 

s veral parameters, each of which describes a given detected feature m the erro 
So of L received test signal. Advantageously the mobile stahon also regis^ ft 
point of time that indicates when the measurements as for the error raUO of the test 
signal were carried out. 

The mobile station can contain a location data block which at step 807 gives 
MoZln of the location of the mobile station at the momen wh n ft 
measurements of the error ratio of the test signal are earned out. At step 808 fte 
"Ig unit of the mobile station compiles a message ftat includes at lea* fte 
^/describing the error ratio of the earlier received test signal. U ft 
Lation data and/or data announcing fte moment of tune of carrytng out fte 
measurements are available, they can be added to the same transmission. 
At step 808 that base station in whose cell the mobile station is located at the 
1Z receives the message transmit by fte ^^ta^fT^ 
vftether said message contains fte location data and/or trme d*a of fte mob* 
station, the base station subsystem can combine fte received data with the self 
grated location and/or time data ftat is generated a, step 809. An ^advan^us 
Lftod for adding the location data in fte data transmitted by the mob.le station s 
ITL mobile station includes the self-transmitted data in a location update 
TLZ )mown as such, In a cellular radio system, the location of the mobtle station 
«Tt fte accuracy of fte location area at least, and because a, the same time 
s ft location update message is processed, fte location of the mob. e s^ Uo 
is observed, and the parameter describing said location » easHy added to fte d^a 
transmitted by the mobile station and dealing with the test signal error ratto 
„d by fte mobile station. A simple way for adding location data to fte data 
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transmitted by .he mobile station is to the base station to received the data adds 
its own base station identifier to said data. 

measurement runner to uie vunuui r -ilular radio 

ssssr— ■ — — - " 

m^ce Tan error map where the number of measured errors or some oto 
p«r describing the errors is represented as a function of ^£>gS 
location and the moment of measurement. Another novel feature s to such da* 
can be used in the optimising and adjusting of the network, earned out both 

automatically and manually. 

Figure 9 illustrates an arrangement where the base station subsystem 901 tiansmits a 
ps^dorandom bit sequence to the mobile station 902. !n the 
assumed to the mobile station 902 comprises a positrorong devLce 903, winch can 
be for instance a prior art GPS receiver. 

sequence generator 904, which is initialised with a grven seed number 905 and 
JL, thereafter generates a pseudorandom btf sequence. Accord M» 
invention, the mobile station 902 is provided with a % 
which functions in a similar way and is initialised wrth a grven seed number 90X 
The general principles of tire generators used for generating the pseu ' 
sequences reL. in to if the seed numbers 905 and 907 are equal, the generators 
904 and 906 produce an exactly equal pseudorandom bit sequence. 
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According to the invention, the mobile station 902 also includes a reference crrcm 
90*3 la statistical analysis and storage unit 909, which are arrange ^ 
dibit sequence received from the base station subsystem bit by brt wrththe locally 
^ ted bit sequence and to register all differences detected m the proces, 
M^over, from L statistical analysis and storage unit 909 ^ 
uplink connection back to the base station subsystem m order 
from the statistics compilation. Said connection can be an uplink channel in .he 
fie data emission connection through which ^J^™ 
transmitted from the base station subsystem 901 to the mobtle station 902 _„ ae«a 
, be some other connection, such as a connection via a given uphnk signaling 
channel. 

In order to make tie comparison of pseudorandom bit sequences «^*» bit 
sequence generators 904 and 906 must function in a synchromsed fasluor^ _ix 
Z ate equal bits at equal pace. The synchronisation in the generation of b« 

5 "esl known as such, because for example generaHy m V**>^ 
technology, and as an application particularly m code diviston multiple access 
cS ^methods, the distinction of the effective signal from other competing 
effective signals and from noise is based on the use of the same pseudorandom 
Jealg sequence both at the tiansmitting and the receiving end. m connection 

0 wTme Lotion, there can be applied some known technology for ^chr™ 
regeneration of the bit sequences. The synchronisation is illusuated as a 
diagrammatic arrow 910 in figure 9. 

The base station subsystem 901 may also include the control unit 803 illustrated m 
figure 8, or corresponding functions, i.e. collection, registration and —n of 

25 tiTdata. can be realised by means of internal operations m the base station 
subsystem. Tins does not, however, restrict the invention in any way, bntthe contro 
unit or network element or system including corresponding .functions can also 
located apart from the base station subsystem, in some other part of the mobile 
communications system. 

30 Fig 9 does not give a role to a SIM included in tire mobile station 902; however, it 
f obvious to a person skilled in the art that at least in most cellular radio system 
known at the priority date of this patent application a SIM must be present in tire 
mobile station in order for it to function normally. The invention as such does not 
require that a SIM should be used. 
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a *i«t thz base station which receives the uplink 

these information parts to the network. 

value of the detected bit error ratio. For instance a transmitted number -6 uuhcales 
that the detected bit error ratio is lower than 1,0 ■ 10*. 

The control unit illustrated in figure 8 can collect the statistical data ™^ 
to mobile stations and received by the base stations from all around to cetota 
"network. Because the statistical data describes the errors ocournng m fte 
radio newer*, « connected at least to a given 

downlink data transmission, and said errors are always co 
location area, and in futiire cellular radio systems even o given loc 
cells in dre control unit there is created, in the course of time, an extremely accurate 
ol" Continuously updated image of how faultlessly the downlink data transrm s on 
LXnTin eacn par, of the cellular radio system. Said knowledge can be utilised 
" ce in that within an area where the downlink data txans = seen, 
include an unusually high degree of errors, the transrrusston power of the base 
tttions is increased, or even new base stations are built Naturally to method 
according to the invention can also be applied so that testing is earned out in the 
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area of one base station at a time, if the investigation is focused for example on the 
operating conditions of the base station, or on the coverage of aradio sxgnal rn a cell 
of me base station. In tiiat case a centralised control vmit is not necessarxly needed ,n 
the system, but testing can be started even at the base station, by switching the base 
station to a given testing mode. 

Figure 10 illustrates a modification of the above-described P™ c f 1*^*° 
functionality of the error measuring arrangement can be tested. The base statton 
fubsystem includes a controllably operated error generator !0 11 whereby a known 
error can be created in any test sequence. The error generator 1011 can genera^n 
the test sequence errors partly at pseudorandom, i.e. so that a certam penod of .he 

said period takes place at random. The error generator 10 11 can also be operat d so 
that i, generates an accurately defined bit error pattern, where for example « 
intervals of Kbits, mere is located a sequence of N bits, where the value of eachM 
bits is changed. Hexe K, N and M are positive integrals, in which case the control 
circuit (not illustrated) controlling the operation of the error generator can 
accurately connol the generation of errors by giving the error generator the desired 
values of K, N and M. Many different combinations and mod.fioat.ons of these 
operation methods also are possible. 

According to the embodiment of the invention, the base station subsystem also 
includes a reference circuit 1012 which obtains information as to how many and 
what kind of errors the test sequence contains at the moment when it is transmitted 
to the mobile station in downlink data transmission frames. This information can be 
obtained either from the control data of the error generator, as is illustrated m figure 
10 by a continuous line, or the reference circuit 1012 can receive copies of those 
downlink frames that are transmitted to the mobile station. The latter alternative is 
illustrated by a dotted line in figure 10. When the mobile station transmit to the 
base station subsystem the data describing the detected errors, said data is 
conducted to the reference circuit 1012, which is then able to investigate whether 
the data given by the mobile station corresponds to the data describing the error 
ratio of the test sequence during transmission. Other parts illustrated in figure 10 
correspond to the embodiment illustrated in figure 9. 

The procedures of setting up and tearing down of cornmrmication connections 
between the base stations and mobile stations for the purpose of measuring and 
optimizing the general data transmission quality of a cellular radio system may take 
place as with any normal communication connections specified in that system. 



27 



20 



only the lower protocol layers up to a certain level (e.g. the Layer 3 RR level) are 

involved. 

The application of &e invention to to measurement and optimization the ^general 
H Emission quahty of a cellular radio network has several * F or 

instance, to invention enables the adjusting and optimisation o a rato 
during the use thereof, by means of the received measuring result , »M 
anToptimisation can be realised for instance manuaUy or automatical Th 

of various parameters, such as powsr levels, by adjusting to properties of adapttve 
antennas or by many other ways known as such. 

, , j -„ ,w . B iven mobile station manufacturer or 

The invention can also be applied so mat a given i»» 
^tiiZr mal.es an agreement with the operator, as for the testing 
of to mobile stations manufactured or sold by said manufa cturer « * tnbuttr or 
as for the testing of a limited group of mobile stations by means <* 
to invention: the test signal can be chosen according to a fashion known by both 
paXonly, or only to mobile stations of a given manufacturer or d,s— : ar 
Programmed to perform to measures required by the tesung procedure. The 
P^Tr who is a'party to said agreement eoilects to data transmitted by Jta moh, 
sLons, in which case tore is obtained an overall view as to what degree of service 
quality the mobile stations belonging to to desired group can function m a cellular 
radio system maintained by said operator. 

The features recited in the depending claims are freely combinable unless explicitly 
otherwise stated. 
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CLAIMS 

1 A method for testing the functioning of downlink data eommunication in a 
mobile station equipped for receiving a signal in the downlink direction and for 
sending a signal in the uplink direction, comprising the steps of: 

5 -receiving a test signal in the downlink direction, 

- comparing the received test signal to a known form of the test signal, 

- producing and temporarily storing information about errors which were detected m 
the received test signal during the comparing step, and 

- sending in the uplink direction a signal representing the stored information about 
10 errors. 

2 A method according to claim 1, comprising the step of generating a 
pseudorandom bit sequence at the mobile station in order to produce the known 
form of the test signal. 

3 A method according to claim 1, wherein the step of producing and temporarily 
15 storing information about errors detected in the received test signal dumgjhe 

comparing step comprises the step of producing and temporary stonng information 
about the detected bit error ratio of the received signal, and the step of sending m 
the uplink direction a signal representing the stored information about errors 
comprises the step of sending in the uplink direction a signal representing the 
20 detected bit error ratio. 

4 A method according to claim 1, wherein the step of producing and temporarily 
storing information about errors detected in the received test signal during the 
comparing step comprises the step of producing and temporarily storing information 
about the frame erasure ratio of the received signal, and the step of sendrng in the 

25 uplink direction a signal representing the stored information about errors comprises 
the step of sending in the uplink direction a signal representing Hie detected frame 
erasure ratio. 

5 . A method according to claim 1, comprising the steps of: 
- receiving a command of a certain first protocol level in the dovvrdink direction, and 
30 - in response to the received command, setting the mobile station into a test mode 
where no notification about an established bi-directional communication link is sent 
to protocol levels higher than said first protocol level. 
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6. A method according to claim 5, wherein said first protocol level is a Layer 3 
RR level. 

7 A method according to claim 1 wherein, in a mobile station equipped for 
converting a downlink signal to baseband and for demodulating, decrypting and 

5 channel decoding the signal converted to baseband, the step of comparing the 
received test signal to a know form of me test signal is performed after 
demodulation and decryption but prior to channel decoding. 

8 A method according to claim 1 wherein, in a mobile station equipped for 
converting a downlink signal to baseband and for demodulating, decrypting and 

10 channel decoding the signal converted to baseband, the step of comparing the 
received test signal to a known form of the test* signal is performed after 
demodulation, decryption and channel decoding. 

9 A method for testing the functioning of data communication in a 
communication connection between a device equipped for sending a signal in the 

15 downlink direction and for receiving a signal in the uplink direction and a mobile 
station equipped for receiving a signal in the downlink direction and for sending a 
signal in the uplink direction, comprising the steps of: 

- generating a first test sequence, 

- generating errors in a known way in the first test sequence to produce a second test 
20 sequence, 

. - sending the second test sequence in the downlink direction to the mobile station, 

- producing at the mobile station a third test sequence corresponding to the first test 
sequence, 

. comparing at the mobile station the second test sequence to the third test sequence 
25 in order to detect differences between the second and third test sequences, and 

- sending in the uplink direction from the mobile station information representing 
the differences detected between the second and third test sequences. 

10. A method according to claim 9, wherein the step of sending the second test 
sequence m the downlink direction to the mobile station comprises the step of 
30 sending the second test sequence from a test equipment to a mobile station under 
testing and the step of sending in the uplink direction from the mobile station 
information representing the differences detected between the second and thud test 
sequences comprises the step of sending said information from said mobile station 
under testing to said test equipment. 
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11 A method according to claim 9, wherein the step of sending the second test 
sequence in the downlink direction to tie mobile station comprises the step of 
nding the second test sequence from a base station of a cellular radto system to a 

5 the uplink direction from the mobile station informatron representing the dntaooa* 
detected between the second and third test sequences composes the step of sending 

to a base station of said cellular radio system. 

12. A method for testing the functiomng of downlink data convocation in a 
10 cellular radio system, comprising the steps of: 

- sending a test signal from a base station to at least one mobile station, 

- receiving the test signal sent by the base station at amobtle station, 

- comparing the test signal received at the mobile station to a known form of the 

15 -dicing and temporarily storing at the mobile station information about errors 
which were detected in the received test signal during the companng step, 
-sending information representing the stored information about errors from the 
mobile station to a base station, . 

- receiving the information sent by the mobile station at a base station, and 

20 - storing in the cellular radio system the information received by the base station. 

13. A method according to claim 12, comprising the steps of: 

- sending a test signal from a large number of base stations to a large number of 
mobile stations, , 

- receiving information sent by a large number of mobile stations at a large number 

25 of base stations, . , . 

- storing the information received by Hie base stations at a control station of the 

cellular radio system, and m| . t 

- producing, at the control station, information representing the quality of downlink 
data communication in the cellular radio system. 

30 14 A method according to claim 12, wherein for measuring the general quahty of 
data tiansmission in a cellular radio system comprising base stations and mobile 
stations it comprises the steps of 

a) generating a test signal which is transmitted, via a base station of the cellular 
radio system, to a mobile station of said cellular radio system, 
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b) generating and storing at the mobile station information describing the 
occurrence of errors in the test signal received by the mobile station, 
e) transmitdng from the mobile station to the base station a first error message 
describing the occurrence of errors within a given block of data of the test signal 
5 received by the mobile station, and 

d) transmitting from the base station to a certain control unit a second error 
message describing the first error message received from the mobue statton of the 
cellular radio system. 

15 A method according to claim 14, wherein at step a), there is generated a test 
10 signal which also is apilot signal transmitted by the base station. 

16 A method according to claim 14, wherein at step a), toe is 

signal which also is a synchronization sequence in a downlink burst transmitted by 
the base station. 

17. A method according to claim 14, wherein at step a), there is generated a 
15 pseudorandom bit sequence. 

18. A method according to claim 17, comprising the steps of: 

- generating at the mobile station the same pseudorandom bit sequence that was 
generated at step a) and 

! comparing at the mobile station the self-generated pseudorandom b.t sequence 
20 with the received test signal. 

19 A method according to claim 14, wherein at step c), from the mobile station 
there also is transmitted to the base station a first location message describing the 
location of the mobile station. 

20. A method according to claim 19, wherein at step c), there is transmitted from 
25 the mobile station to the base station a location update message. 

21 A method according to claim 14, wherein at step c), from the mobile station 
there is transmitted to the base station the value of the average bit error ratio or 
frame erasure ratio within a given block of data as detected by the mobile station. 
22. A method according to claim 14, wherein at step d), the data received from the 
30 mobile station is transmitted as such to the control unit 
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23 A method according to claim 14, wherein at step d), a parameter describing the 
location of the mobile station is also transmitted to the control tmit 
24. A mobile station of a cellular radio system, comprising: 
. reception means for receiving a signal in the do^irJc direction, 
5 - transmission means for sending a signal in the uplink direcncm, 

- comparison means for comparing a received test sigaal to a known form of tie test 

"Sets for producing and temporarily storing information about errors which were 
detected in the received test signal by said comparison means and 
10 Uplink sending means for sending in the uplink direction a srgnal represent the 
stored information about errors. 

25. A mobile station according to claim 24, comprising: 

- deconversion means for converting received downlink data to baseband, 

- a demodulator for demodulating the data converted to baseband, 
15 - decrypting means for decrypting the demodulated data, 

- a chW decoder for channel decoding the demodulated and decrypted data 

- a channel encoder for channel encoding uplink data, 
enervating means for encrypting the channel encoded uplink data, 

. SSL ta modulati^the encrypted channel encoded uplink data onto base- 

20 — — d baseW osciUations onto a 

transmission frequency for transmitting, u, 
wherein said comparison means, said means for producing and 
information about errors and said uplink sending means are arranged to establish ^a 
25 coupling from the output of the decrypting means to the input of the encrypting 
means. 

26. A mobile station according to claim 25, comprising: 

- downconversion means for converting received downlink data to baseband, 

- a demodulator for demodulating the data converted to baseband, 
30 - decrypting means for decrypting the demodulated data, 

- a channel decoder for channel decoding the demodulated and decrypted data 

- a channel encoder for channel encoding uplink data, 
-encrypting means for encrypting the channel encoded uplinlcdata, 

- a JLL for modulating the encrypted channel encoded uphnk data onto base- 
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band oscillations, and t 
-upconversion means for converting tlie modulated baseband oscillations onto a 
transmission frequency for transmitting, 

wherein said comparison means, said means for producing and temporarily storing 
information about errors and said uplink sending means are arranged to establish a 
coupling from the output of the channel decoder to the input of the channel encoder. 

27 A system for measuring the general quality of data transmission in a cellular 
radio system, said system comprising a base station subsystem and a mobile station, 
comprising: 

- in the base station subsystem, means for generating a test signal and for fcansmit- 
ting it via a base station of the cellular radio system to the mobile station of the eel- 

Mar radio system, , 

- in the mobile station, means for generating and storing data describing tlie occur- 
rence of errors in the test signal received by the mobile station, 

- in tlie mobile station means for transimtting a first error message to the base sta- 
tion subsystem, said first error message describing the occurrence of errors in a 
certain block of data in the test signal received by the mobile station, and 

-a control unit for collecting such error data that describes the error messages 
received by tlie base station subsystem of the cellular radio system from the mobile 
stations. 

28 A system according to claim 27, comprising in the base station subsystem and 
in the mobile station means for generating the same pseudorandom bit sequence, 
and in the mobile station means for comparing tlie pseudorandom bit sequence 
generated by the mobile station with the pseudorandom bit sequence received from 
the base station subsystem. 

29 A system according to claim 27, comprising in the mobile station means for 
generating data describing the location of the mobile station and for transmitting 
said data to the base station subsystem together with the first error message. 

30. A system according to claim 27, characterised in that it comprises in the base 
station subsystem means for generating data describing a location, and for 
transinitting said data to the control unit. 



Abstract 

The invention concerns a method and associated hardware units > for testing ^e 
tunotionmg of downlink data communication m a mobUe stauon Q02. 802^ 
The mobile station is equipped for receiving (302, 805) a signal in the dov^nk 
.nrection and for sending (3 12, 808) a signal in the upline d^ec^Asa^ of fte 
method a test signal (711, 715, 716, 805) is received in the downhrJc direction. The 

There is produced and temporarily stored (209, 806, 909 informal about error 
which were detected in the received test signal during the comparing step^n the 
uplink direction a signal is sent (714, 717, 808) representing the stored information 
about errors. 
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